The objective of this study was to evaluate dry matter production, fermentative parameters, and nutritional value of the silage of corn intercropped with Paiaguas palisadegrass in different forage systems and maturity stages, in the off-season. The experiment was carried out in a randomized block design, with four replications, in a 5×3 factorial arrangement consisting of five forage systems: corn monocropped; Paiaguas palisadegrass monocropped; corn intercropped with Paiaguas palisadegrass in the row, inter-row, and oversown; and three corn maturity stages (milky, soft dough, and hard dough with 80, 90, and 110 days after sowing, respectively). The results showed that the silage of corn intercropped with Paiaguas palisadegrass in the row and inter-row at the hard dough stage presented greater productivity per area and better fermentative and nutritional characteristics. They can, therefore, be recommended as suitable sowing systems for silage production. Silages produced from intercropping systems proved to be an alternative feed supply technique, allowing the intensification of production systems, maximizing nutrient production per area, in a sustainable manner. How to cite: Souza, W. F.; Costa, K. A. P.; Guarnieri, A.; Severiano, E. C.; Silva, J. T.; Teixeira, D. A. A.; Oliveira, S. S. and Dias, M. B. C. 2019. Production and quality of the silage of corn intercropped with Paiaguas palisadegrass in different forage systems and maturity stages. Revista Brasileira de Zootecnia 48:e20180222.
Introduction
Scarcity of roughage and loss of forage nutritional value are obstacles to cattle production in the tropics, consequently, resulting in low animal performance. In this sense, the production of intercropping systems of annual crops with tropical forages enables to increase the availability of quality forage for livestock feed in a sustainable way in the off-season, besides the benefits to the system, with recovery/ renewal of degraded pastures, quality, especially in the off-season, where there is low production and quality of forage (Costa et al., 2018) .
In addition, the future supply of food for the growing population demand will be based on gains in productivity or occupation/recovery of agricultural areas in tropical regions, consequently, considering the mitigation of greenhouse gases, carbon sequestration, and production diversification.
Material and Methods
The study was performed in Rio Verde, GO, Brazil (17°48' S; 50°55' W; 748 m altitude), from January to July 2015, in a distroferric red latosol (Oxisol) (Santos et al., 2013) , with physical-chemical characterization at the 0-20 cm layer as follows: 580, 140, and 280 g kg −1 of clay, silt, and sand, respectively; pH in CaCl 2 : 4.93; Ca: 2.59; Mg: 1.10; Al: 0.10; Al+H: 5.9; K: 0.20; CEC, 9.74 in cmol c dm −3 ; V 1 , 39.93%; P (Mehlich): 1.65; Cu: 3.05; Zn: 4.30; Fe: 32.5 in mg dm −3 ; and organic matter: 25.6 g kg −1 .
The experiment was conducted in a randomized block design, with four replications in a 5×3 factorial arrangement consisting of five forage systems: corn monocropped; Paiaguas palisadegrass monocropped; corn intercropped with Paiaguas palisadegrass in the row, inter-row, and oversown; and three corn maturity stages (milky, soft dough, and hard dough), totaling 60 experimental plots. The corn hybrid used was the dual-purpose hybrid AS 1581, for grain and silage production.
The dimensions of each experimental plot was 4×4 m, totaling 16 m² area. Thirty days before sowing, 2 ton ha −1 of limestone filler was applied, aiming to increase base saturation to 60%. Sowing was performed on February 11, 2015 with the use of 240 kg P 2 O 5 ha −1 and 20 kg FTE BR 12 ha −1 according to soil analysis and crop requirements.
In monocropping and intercropping systems, corn was sown at 3-cm depth. Paiaguas palisadegrass in row planting was sown at 6-cm depth; in the inter-row, at 0.25 m from the corn row; and in the oversown, the Paiaguas palisadegrass was sown 10 days after sowing (DAS) corn between rows at 0.25 m.
Two weeks after seedling emergence, thinning was carried out to keep a stand of 60,000 corn plants ha −1 . Hand weeding was performed weekly up to 50 days after emergence to control weeds in the post-emergence period, and no herbicide was applied to suppress the growth of Paiaguas palisadegrass. Phytosanitary treatments were carried out whenever necessary and in accordance with the recommendations.
When corn plants were at the developmental stage of three and six fully developed leaves, fertilization was performed by applying 150 kg N ha −1 and 75 kg K 2 O ha −1 as urea and potassium chloride, respectively, in all forage systems, in two applications.
Production and quality of the silage of corn intercropped with Paiaguas palisadegrass in different forage... Souza et al. 3 Forages were harvested at 80, 90, and 110 DAS of corn for ensiling, referring to maturity stages of corn: milky, soft dough, and hard dough, respectively. For the evaluation of DM production and proportion of ensiled material, we collected whole plants of corn and Paiaguas palisadegrass at 20 cm from the ground. Then, the material was weighed and the proportion of corn and Paiaguas palisadegrass was determined for all forage systems (Table 1) . Afterwards, a portion of the material was oven-dried at 55 °C to constant weight, with subsequent dry weight determination and conversion into kg ha −1 .
For making silage, another subsample was ground in a stationary silage machine to particles of approximately 10 mm and stored in experimental PVC silos measuring 10 cm in diameter and 40 cm in length. The mean density of the silos was 558.12±24.20 kg dm −3 , for of all forage systems. Subsequently, the material was compacted with an iron pendulum, closed with PVC caps and sealed with adhesive tape to prevent the entry of air. Then, the experimental silos were kept in a roofed area at room temperature.
Silos were opened after 50 days of fermentation. The top and bottom portion of silage from each silo was discarded. The central portion was homogenized and placed on plastic trays. Part of the fresh silage after opening the silos was separated for analysis of pH and buffering capacity (eq.mg HCL 100 g −1 DM), using the method described by Silva and Queiroz (2002) .
After this procedure, a sample of silage was taken and divided into two parts. The first was packed in plastic bags and frozen. For the determination of ammonia nitrogen (N-NH 3 g kg −1 N), the samples were thawed for juice extraction (Bolsen et al., 1992) . The organic acids were determined in a Shimadzu, SPD-10A VP, high-performance liquid chromatography (HPLC), coupled to ultraviolet detector (UV), at a wavelength of 210 nm, according to Kung and Shaver (2001) . The other part of the silage with approximately 500 g was weighed and taken to a forced-ventilation oven at 55 °C for 72 h, and then ground in a Wiley mill with a 1-mm sieve and stored in plastic containers.
The chemical analysis was performed to determine DM, mineral matter (MM), ether extract (EE) according to AOAC (1990) ; crude protein (CP) was obtained by determination of total N using the micro-Kjeldahl technique and the fixed conversion factor (6.25) (AOAC, 1990) . Neutral detergent fiber (NDF) was determined according to Mertens (2002) ; acid detergent fiber (ADF), according to AOAC (1990) ; and lignin, according to Van Soest and Robertson (1985) . Total digestible nutrients (NDT) were obtained using the equation (% TDN = 105.2 − 0.68 [% NDF]) proposed by Chandler (1990) . For in vitro DM digestibility (IVDMD), we adopted the technique described by Tilley and Terry (1963) , adapted for artificial rumen developed by ANKON ® using the Daisy incubator from Ankom Technology.
Chemical analyses were carried out for fresh corn and Paiaguas palisadegrass monocropped and intercropped in different forage systems, prior to ensiling, according to the methodologies described above (Table 2) . Production and quality of the silage of corn intercropped with Paiaguas palisadegrass in different forage... Souza et al. 4 Data were subjected to analysis of variance, according to the following mathematical model:
in which Yijk = observed value for the variable under study for the effect of block in combination with forage systems and maturity stages, μ = mean of the observations, Bi = effect of forage systems in the observed value Yijk, Cj = maturity stages in the observed value Yijk, (BC)ij = interaction effect of forage systems and maturity stages, Rk = block effect in the observation Yijk, and ɛij = random residual error of the observation Yijk.
The results were tested by analysis of variance, using the R program (version R-3.1.1) (2014) through the ExpDes package (Ferreira et al., 2014) , and Tukey's test for comparison of means. Probability level of 5% was considered significant to test.
Results
When evaluating the DM production (Table 3) , fermentative characteristics of silages (buffer capacity and NH 3 -N), organic acids (lactic, acetic, propionic, and butyric acids), and DM concentration, there was a significant interaction (P<0.05) between forage systems and maturity stages (Tables 3 and 4 ). However, for the pH value, there was a significant effect (P<0.05) isolated for forage systems and maturity stages (Table 4 ). Production and quality of the silage of corn intercropped with Paiaguas palisadegrass in different forage... Souza et al. 5 For forage systems, corn intercropped with Paiaguas palisadegrass in the row and inter-row presented greater dry mass production values than in the monocropping and overseeding systems, for all maturity stages.
Comparing maturity stages, for corn monocropped and intercropped in all sowing modes, the DM production was similar betwen milky and soft dough stages, differing from the hard dough stage, which presented greater productivity.
The silage of monocropped Paiaguas palisadegrass presented greater buffering capacity (P<0.05) compared with silages of the other systems for all maturity stages. There was a reduction in buffering capacity at the hard dough stage for monocropped and intercropped corn ( Table 4 ).
The greatest values of pH of silages were obtained in silages of monocropped Paiaguas palisadegrass (P<0.05) in all forage systems and maturity stages (Table 4 ). For the maturity stages, only the Paiaguas palisadegrass silage was influenced (P<0.05), with a greater pH value at the milky stage of corn. However, for monocropped and intercropped corn, the pH values were similar (P<0.05) between maturity stages.
Silages of monocropped and intercropped corn showed reductions in NH 3 -N concentration (Table 4 ). In relation to maturity stages, only the Paiaguas palisadegrass silage harvested at the milky stage of corn was significantly different (P<0.05) from the other stages (Table 4) .
For the DM concentration of the forage systems, the silage of monocropped Paiaguas palisadegrass presented the lowest value, differing (P<0.05) from monocropped corn silage, in all maturity stages (Table 4) . When comparing the DM concentrations between the stages, the silages of all forage systems, with the advancement of maturity stage, undergo morphological changes, which allow to check in a simple way the most appropriate moment to the ensiling process.
The silage of monocropped Paiaguas palisadegrass showed higher levels of acetic, propionic, and butyric acids in all maturity stages (Table 5 ). In addition, monocropped corn silage presented greater concentration of lactic acid (P<0.05), followed by silages of the intercropping systems.
Concerning maturity stages, for lactic acid concentration, there was no significant effect (P>0.05) on monocropped Paiaguas palisadegrass silage, showing similar results in the three stages. Nevertheless, for silages of monocropped and intercropped corn, the greatest concentrations of lactic acid were obtained at the hard dough stage. Considering maturity stages, in all forage systems, the hard dough stage had the lowest concentrations of propionic and butyric acids ( Table 5) .
As for NDF and ADF concentration, the lowest values were found in monocropped corn silage, followed by the silages of the intercropping systems (Table 6 ). In relation to maturity stages (Table 6) , there was an increase in NDF and ADF in all forage systems at the soft dough and hard dough stages. In all forage systems, the lignin concentration was greater (P<0.05) in silages of monocropped Paiaguas palisadegrass (Table 6 ). For the maturity stages, the lowest lignin concentration was obtained at the milky stage in all forage systems, differing (P<0.05) from the soft dough and hard dough stages, which presented similar results (Table 6) .
For CP, TDN, and IVDMD, there was influence (P<0.05) of forage systems and maturity stages, as well as the interaction of these factors (Table 7) . However, for EE concentration, there was only a significant effect (P<0.05) of forage systems.
The lowest CP concentration of forage systems were obtained in monocropped corn silages, followed by the intercropping systems, in all maturity stages (Table 7) . In relation to maturity stages, there was Production and quality of the silage of corn intercropped with Paiaguas palisadegrass in different forage... Souza et al. 7 a reduction in CP levels only in the silage of monocropped Paiaguas palisadegrass, with a decrease in concentration in the soft dough and hard dough maturity stages.
For the concentration of EE and TDN, monocropped corn silage presented the greatest values in all forage systems. Nevertheless, for maturity stages, EE and TDN values were similar (P>0.05) (Table 7) .
Regarding IVDMD, monocropped corn silage presented greater results, followed by the intercropping systems in all forage systems. For the maturity stages, monocropped Paiaguas palisadegrass silage showed similar values (P>0.05) between the stages. However, for monocropeed and intercropped corn, only the milky stage was significantly different (P<0.05) from hard dough stage, which had the lowest value (Table 7) . 
Discussion
The greatest DM production obtained in the corn intercropped with Paiaguas palisadegrass in the row and inter-row shows that these modes of sowing contributed to increase the production of the ensiled mass, increasing the yield per area. This result can be attributed to less competition of plants for water, light, nutrients, and physical space in this sowing method. For the maturity stages, the greater production of DM in the hard dough stage is due to the longer development cycle of the crop, accumulating greater DM production.
It is important to emphasize that the intercropping of corn with Paiaguas palisadegrass in the row and inter-row in all maturity stages contributed to increase silage mass production in relation to silage in monocropping, showing the benefits of producing silage in the crop-livestock integration system. Similar results were obtained by Pariz et al. (2017) , who evaluated corn intercropped with Marandu palisadegrass, which, compared with monocropped corn, especially at the cutting height of 0.45 m, is a viable option for improving silage and pasture production, as well as land use efficiency in the integrated crop-livestock system.
The greatest buffering capacity of the silage of monocropped Paiaguas palisadegrass in all maturity stages (Table 4) is because forage grasses present greater buffering capacity at the time of cutting, Production and quality of the silage of corn intercropped with Paiaguas palisadegrass in different forage... Souza et al. 9 making it difficult to lower the pH of the silage by the resistance of the forage mass, which is a key factor in the fermentation process. The ability of the plant to grow depends on the plant composition regarding crude protein concentration, inorganic ions (calcium, potassium, and sodium), and the combination of organic acids and their salts (Jobim et al., 2007) . When the plant presents a great buffering capacity, the pH drop velocity is slow and, consequently, the losses in the silage process are greater, reducing the silage quality (Cherney and Cherney, 2003) .
The reduction in the buffering capacity in silages of the intercropping systems is related to the greater proportion of corn in the silage (Table 1) , and this certainly provided a better quality to the silage, since it allows the fermentation to occur properly. The greater the buffering capacity, the lower the amount of acid required to reduce the pH of the silage, the faster the fermentation process, the lower the soluble carbohydrate, and the smaller will be the losses. On the fermentative characteristics of Piata palisadegrass ensiled with energetic meals, Perim et al. (2014) reported lower buffering capacity with corn meal, and these results were similar to those obtained in this study.
In the maturity stages, there was a reduction in buffering capacity at the hard dough stage for monocropped and intercropped corn. This result is due to the greater contribution from soluble carbohydrates with the maturity of corn grains, which accumulates more reserve carbohydrates, such as starch and berries. Soluble carbohydrates are basic nutrients for fermentation by the microorganisms involved in the ensiling process, since the levels of ammonia nitrogen and pH of the silage are kept low (McDonald et al., 1991) . These sugars are used by bacteria as substrates for fermentation, producing organic acids, mainly lactic acid, resulting in the acidification of the medium and, consequently, improving the conservation of silage. According to McDonald et al. (1991) , the minimum value of soluble carbohydrates required to ensure lactic fermentation of the silages should be 60-80 g kg −1 DM.
In general, the buffering capacity values found in silages of monocropped and intercropped corn were within the range recommended by the literature; therefore, it is not a barrier to the rapid drop of pH. Values below 20 eq.mg HCl g −1 DM are considered as ideal for obtaining quality silage (Ferrari Júnior and Lavezzo, 2001) .
Greater pH values obtained in silages of monocropped Paiaguas palisadegrass in all forage systems and maturity stages (Table 4 ) are associated with the greater buffering capacity of tropical grass silages, as observed in the present study, which consequently may lead to undesirable fermentations.
In the Paiaguas palisadegrass silage, the greatest pH was observed in the milky stage of corn; thus, it can be inferred that when ensiled at early vegetative development stages, the forage has a lower DM concentration, correlating directly with a greater pH value. In addition, the lower DM concentration will negatively influence the fermentation process, preventing the rapid pH decrease, facilitating the occurrence of undesirable secondary fermentation, due to the presence of butyric acid in proportions equal to or greater than 0.1%, which may lead to losses in the quality of the final product (McDonald et al., 1991) .
Nevertheless, for monocropped and intercropped corn, the pH values were similar between maturity stages, being close to those reported by Leonel et al. (2008) , who recorded pH of 3.51 at 100 days after planting in silages of corn intercropped with Brachiaria brizantha cv. MG-5.
For a silage to be considered of good quality, it is necessary to have pH values between 3.8 and 4.2, because at this range, the proteolytic enzymes of the plant enterobacteria and clostridia are sufficiently restricted to preserve the material analyzed (Tomich et al., 2004) .
Nevertheless, only the silage of monocropped Paiaguas palisadegrass presented pH greater than 4.2 and, thus, greater than the values recommended for a good fermentation in all maturity stages (Tomich et al., 2004) . This emphasizes the importance of producing silage from annual crops with forage, intercropped, to guarantee the reduction of pH in the silages, which is essential for the conservation of the ensiled product. However, the pH value of the silage should not be considered isolatedly as a criterion for the classification of fermentation.
Reductions in NH 3 -N concentration in silage of monocropped and intercropped corn are due to the fact that corn has greater concentration of soluble carbohydrates, which are readily available for fermentation. However, it is verified that the mean values of NH 3 -N of the silages of all forage systems remained below 100 g kg −1 , providing proper lactic fermentation, consequently reducing proteolysis and inhibiting undesirable microorganisms (Kung and Shaver, 2001) .
In relation to the maturity stages, the Paiaguas palisadegrass silage harvested at the milky stage of corn showed the greatest value of NH 3 -N, which can be explained by the lower DM concentration when compared with the hard dough stage. Souza et al. 11 The lowest concentration of DM in the silage of monocropped Paiaguas palisadegrass in all maturity stages (Table 4 ) may be explained as described by Bergamaschine et al. (2006) , who reported that tropical grasses do not present adequate DM levels, buffering capacity, and soluble carbohydrates, which provide an ideal fermentation process in the Marandu palisadegrass silage. In general, the silage of monocropped Paiaguas palisadegrass presented DM concentration below the ideal range. These DM values can provide favorable conditions for the appearance of aerobic microorganisms, yeasts, and fungi, promoting losses in the nutritive value of silages.
Silages of all forage systems, with the advancement of maturity stages, undergo morphological changes in the DM concentration, which allow to check, in a simple way, the most appropriate moment to the ensiling process. It is observed that at the hard dough stage, silages of monocropped or intercropped corn presented adequate DM concentration according to Marafon et al. (2015) , who recommends the ensiling of corn at later maturity stages, when it presents from 300 to 350 g kg −1 DM.
Hence, it is possible to affirm that intercropping can be an effective tool in minimizing the undesirable characteristics of the fermentative processes of tropical grass silages, besides enabling the substitution of exclusive corn silages, and allowing to reduce the production costs in the ensiling process with the increase in mass yield (Table 3 ) through forage.
Among the organic acids (acetic, propionic, butyric, and lactic) that contribute to the final acidity of the stored mass, lactic acid, due to its greater dissociation constant (pKa = 3.86), that is, a greater tendency to lose protons (Lehninger et al., 2002) , plays a key role in the fermentation process of silage, since it is responsible for the pH drop below 4.20. At this pH value, there is inhibition of Clostridium bacteria, responsible for undesirable fermentations in the product (Carvalho et al., 2016) .
The silage of monocropped Paiaguas palisadegrass had the lowest concentration of lactic acid, with a mean value of 19.8 g kg −1 (Table 5) . This result is similar to those reported by Cezário et al. (2015) , in which the average concentration of lactic acid was 19.7 g kg −1 for Marandu palisadegrass silage. Thus, it is worth mentioning that, when compared with other forage systems, the lower concentration of lactic acid resulted in greater pH values of Paiaguas palisadegrass silage (Table 4 ).
Greater concentration of lactic acid observed in monocropped corn silage followed by silages of the intercropping systems evidenced the benefits of intercropping corn with Paiaguas palisadegrass for silage production, regardless of the sowing method, once the intercropped silages presented superior lactic acid values than the silage of monocropped Paiaguas palisadegrass.
In general, the extent of amino acid degradation in low pH silages depends mainly on the degree to which clostridic activity has been suppressed, and this is related to the rate of lactic acid production and consequent drop in pH (Rabelo et al., 2014) , corroborating the results in the present study for monocropped corn silage. In grass silages, using the classification criteria established by Roth and Undersander (1995) , values of lactic acid in the 40-60 g kg −1 range are considered of good quality.
With respect to maturity stages, greater concentrations of lactic acid were obtained at the hard dough stage in silages of monocropped and intercropped corn (Table 5 ). These results are due to the greater concentration of soluble carbohydrates. Johnson et al. (2001) and Filya and Sucu (2010) reported that the greater concentration of soluble carbohydrates available in cereal grains allows a rapid acidification of the ensiled mass. Further, a satisfactory population of bacteria, mainly of the genus Lactobacillus, is the major responsible for the production of lactic acid, because the acidolatic bacteria are the main group of microorganisms that act on the fermentation process to preserve the ensiled mass and produce mainly lactic acid as a product of sugarcane fermentation (McDonald et al., 1991) .
Although the silage of monocropped Paiaguas palisadegrass presented the greatest concentration of acetic, propionic, and butyric acids compared with monocropped and intercropped corn silage, the concentrations of acetic acid are within the range recommended by the literature, with adequate concentrations, lower than the limit of 20.0 g kg −1 , which, according to Roth and Undersander (1995) , is the threshold to classify silages as good quality. According to the authors, high acetic acid values indicate undesirable changes during lactic fermentation.
Concentrations above 5.0 g kg −1 of propionic acid means the degradation of lactic acid by butyric bacteria (Kung and Shaver, 2001) . In this sense, in the present study, the values found in all forage systems did not affect the stability of the silages. For the concentration of butyric acid, according to Vieira et al. (2004) , values are considered as adequate when less than 1.0 g kg −1 DM. Thus, due to lower values than recommended, the silages have fermentation adequate to preserve the ensiled mass. The predominance of lactic acid concentration was probably the factor that contributed to the production of well preserved silages, due to its important role in inhibiting the action of clostridia.
The lowest concentrations of propionic and butyric acids at the hard dough stage in all forage systems are related to the greater DM concentration at the time of cutting (Table 3) , because when there is excess moisture, the conditions are favorable to obtain butyric acid, obtaining a silage of low quality, which may contribute to reduce the nutritive value of the preserved mass. Anaerobic bacteria of the genus Clostridium have a negative effect on silage quality, especially if the pH is not low enough to inhibit their growth (McDonald et al., 1991) .
Lower NDF and ADF concentration (Table 6 ) obtained in monocropped corn silage, followed by the silages of the intercropping systems, demonstrate the advantage of producing silage in intercropping systems, where it is verified that corn intercropped with Paiaguas palisadegrass in the different sowing method contributed to reduce the NDF and ADF concentration compared with the silage of monocropped Paiaguas palisadegrass, with dilution of the fiber fraction.
These results corroborate Leonel et al. (2008) , in which the mean NDF values of the silage of Brachiaria brizantha cv. MG-5 grown exclusively were greater than the silage concentrations of the intercropping systems. Probably, the lowest NDF values of the silages of the intercropping systems are related to the presence of ears of corn plants. Additionally, considering that the silages of grasses have a great concentration of fiber carbohydrates, which cause slow digestion in the rumen, and that the protein sources are rapidly degraded, it can be inferred that it is necessary to synchronize carbohydrates and proteins in the diet to ensure microbial efficiency. Thus, the greatest concentration of NDF and ADF were obtained in silage of monocropped Paiaguas palisadegrass, possibly negatively affecting intake by rumen fill and, therefore, the performance of the animals (Mertens, 1987) .
Greater increase in NDF and ADF concentrations in all forage systems at the soft dough and hard dough stages of corn (Table 6 ) is due to the maturity of forages, harvested in longer cycles. Evaluating the silage of Marandu palisadegrass, Prado et al. (2013) verified NDF concentrations ranging from 689.90 to 727.55 g kg −1 , values similar to those observed in the present study between the milky and hard dough stages.
The greatest lignin concentration in silages of monocropped Paiaguas palisadegrass (Table 6) is probably due to the greater fiber fractions of the grass. Figueredo et al. (2014) observed lignin concentrations of 49.12 g kg −1 in silages of Piata palisadegrass in the exclusive form, but in the present study, values were above this level, with a mean value of 69.54 g kg −1 . Thus, these great concentration may limit the digestion of some tissues, not only by the negative effect of lignin on the digestion of cell wall components, but also by the arrangement of cells and by the large cell wall thickness (Oliveira et al., 2010) .
The mean lignin values in the corn silages at the hard dough stage obtained in this study corroborate those reported in the literature. In the evaluation of corn silage, Silva et al. (2005) observed a mean value of 42.00 g kg −1 , and Leonel et al. (2008) in Brachiaria brizantha cv. MG-5 intercropped with two rows between the rows of corn, verified a lignin concentration of 46.80 g kg −1 .
The lowest CP concentrations obtained in monocropped corn silages, followed by the intercropping systems, in all maturity stages (Table 7) , are associated with the greater proportion of corn in the ensiled material (Table 1) . These concentrations corroborate those reported by Silva et al. (2005) of 76.8 g kg −1 CP in DM in exclusive corn silage. It shows that it is advantageous to use the intercropping system, since the CP concentration was greater than in corn silage, which is considered standard by the producers. Souza et al. 13 In the soft dough and dough maturity stages of corn, in the silage of monocropped Paiaguas palisadegrass, there was a reduction in CP concentration. In an advanced phenological stage, the grass, due to its production cycle, decreases CP concentration compared with its initial stages, due to stem lignification (Leonel et al., 2009) .
Except for monocropped corn silage in the hard dough stage, the silage of monocropped and intercropped Paiaguas palisadegrass showed values greater than 70 g kg −1 CP, that is, above the limit reported by Lazzarini et al. (2009) as a minimum to maintain the population of bovine rumen microorganisms, without compromising the efficient utilization of fiber carbohydrates of the silages. It is worth mentioning the importance of producing corn silage with Paiaguas palisadegrass due to the significant increase in CP concentration of silages compared with the monocropped corn silage, once crude protein is considered the most expensive ingredient in animal diets.
Paiaguas palisadegrass is a forage that has high leaf blade:stem ratio and is now considered a cultivar of great importance in the crop-livestock integration system, for presenting regrowth in the dry period of the year, with greater accumulation of forage of better nutritive value (Costa et al., 2018) .
Several studies have evidenced the benefits of producing silages from intercropping systems. Ribeiro et al. (2017) stated that silages from intercropping systems ensure fermentation and nutritional quality, providing interesting supplementary bulky options to be used in the off-season for feeding animals. Cruvinel et al. (2017) argued that silages with 30% Piata and Paiaguas palisadegrass showed greater CP concentration and lower ADF and lignin levels, and these cultivars are the most recommended for ensiling with sunflower.
Greater EE concentration in monocropped corn silage (Table 7) is due to the greater amount of EE in the corn grains, demonstrating that the association of crops assists to balance the energy value of silages, being an important factor in ruminal fermentation, fiber digestibility and, consequently, in the rate of passage (NRC, 2001) . The mean EE value of 48.38 g kg −1 in the monocropped corn silage corroborates that obtained by Carvalho et al. (2016) of 45.60 g kg −1 .
The lowest TDN concentration values obtained in monocropped Paiaguas palisadegrass silage in all maturity stages (Table 7) are a consequence of the lower EE concentration contained in the Paiaguas palisadegrass silage (Table 1) , which contributed to decrease the energy of the feed, knowing that the EE concentration provides 2.25 times more energy than carbohydrate. In this way, the advantage of using intercropping systems is evident, since TDN concentration were greater in these systems at all maturity stages.
Similar TDN concentration in the silage of monocropped Paiaguas palisadegrass was observed in silages of two cultivars of Brachiaria, Mulatto and Marandu: 561 and 545 g kg −1 , respectively (Pariz et al., 2010) . In addition, according to Oliveira et al. (2010) , TDN is an essential variable, because energy and protein are usually the most limiting factors for ruminants.
Greater IVDMD values verified in monocropped corn silage followed by the intercropping systems demonstrate the contribution of corn to improve silage quality in systems intercropped with grass. Van Soest (1994) reported elevation in IVDMD with the addition of material containing a greater concentration of non-structural carbohydrates, which are more digestible than the structural carbohydrates (Krämer-Schmid et al., 2016) , which can justify the greater IVDMD values in monocropped and intercropped corn silages compared with monocropped Paiaguas palisadegrass.
As verified in monocropped Paiaguas palisadegrass, greater of NDF and ADF values (Table 6) were obtained, consequently associated with lower IVDMD.
The IVDMD values of monocropped corn silage were close to those obtained by Carvalho et al. (2016) and Domingues et al. (2012) , who analyzed monocropped corn silages supplemented with forage peanuts and silages of different corn hybrids in the off-season and observed mean digestibility values of 746.71 and 707.90 g kg −1 , respectively. In contrast, Serbester et al. (2015) reported a lower digestibility (606.53 g kg −1 ) in monocropped corn silage.
